An independent strain (JI) of human herpesvirus 7 (HV-7) was isolated from a patient with chronic fatigue syndrome (CFS). No s cant association could be established by seroepidemiology between HHV-7 and CFS. HHV-7 is a T-lymphotropic virus, infecting CD4+ and CD8+ primary lymphocytes. HHV-7 can also infect SUP-T1, an immature T-cell line, with variable success. Southern blot analysis with DNA probes scanning 58.8% of the human herpesvirus 6 (HHV-6) genome and hybridizing to all HHV-6 strains tested so far revealed homology to HHV-7 with only 37.4% of the total probe length. HHV-7 contains the GGGTTA repetitive sequence, as do HHV-6 and Marek's disease chicken herpesvirus. DNA sequencing of a 186-base-pair fragment of HHV-7(JI) revealed an identity with HHV-6 and human cytomegalovirus of 57.5% and 36%, respectively. Oligonudeotide primers derived from this sequence (HV7/HV8, HV10/HV11) amplified HHV-7 DNA only and did not amplfy DNA from other human herpesviruses, incuding 12 different HHV-6 strains. Southern blot analysis with the p43L3 probe containing the 186-base-pair HHV-7 DNA fragment hybridized to HHV-7 DNA only. The molecular divergence between human cytomegalovirus, on the one hand, and HHV-6 and HHV-7, on the other, is greater than between HHV-6 and HHV-7, which, in turn, is greater than the difference between HHV-6 strains. This study supports the classification ofHHV-7 as an additional member of the human f3-herpesviruses.
MATERIALS AND METHODS
In Vitro Infection. Cell lines or phytohemagglutinin A-stimulated cord blood mononuclear cells (CBMC) were incubated for 1-2 hr at 370C with virus-containing culture supernatant. Afterward, the cell lines were cultured in RPMI 1640 medium/2-10%o fetal calf serum, whereas the CBMC were grown in RPMI 1640 medium/5-20%o fetal calf serum with or without 10% (vol/vol) interleukin 2 (Advanced Biotechnologies, Columbia, MD). Infection was assessed by the appearance of large cells, immunofluorescence, and EM.
Immunofluorescence. Indirect immunofluorescence with human polyclonal and murine monoclonal antisera was done on infected and control uninfected cells on 8-or 10-well slides (1) . The following HHV-6 monoclonal antibodies (mAbs) were used: 9A5D12 (p41), 12B3G4 (p135), 6A5G3 (gpll6/ 64/54), 2D6 (gp82/105), 7A2 (gp102) (9) (from Bala Chandran, University of Kansas Medical Center, Kansas City); H-JG 16 (gplSO), H-AR 9 (gpl90), and H-AR 1-5 (gpll0/60) (from Janos Luka, University of Nebraska Medical Center, Omaha); C-5 (p38/41) (10) (from Gary Pearson, Georgetown University, Washington). The nature of infected cells was determined by double immunofluorescence as described for Fig. 1 .
Southern Blot Hybridization. High-molecular-weight DNA from cells infected with the following HHV-6 strains was examined: GS (1), CO1, C02, C03, C05 (11), U1102 (2), Z29 (4), OK (12) , KF, BA (13) , SF (14) , and DA (15) . DNA from cells infected with the other human herpesviruses-herpes simplex virus type 1, Epstein-Barr virus, varicella-zoster virus, and HCMV-was also analyzed (16) . After digestion with HindIII or BamHI, Southern blot analysis was done as described for Fig. 3 . The HHV-6 probes (16) (17) (18) (19) (20) (21) used are listed in Table 1. PCR Amplification, Cloning, and Sequencing of HHV-7 DNA. HHV-7 sequence and clone were obtained as follows:
Initial PCR amplification was in a 100-iul reaction, containing 2 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. The amplified product was cloned using the TA cloning system version 1.0 (Invitrogen). Transformed bacterial colonies were screened with the 32P-end-labeled HV9 oligonucleotide probe (Table 2) , resulting in selection of the p43L3 clone. The HHV-7 sequences in Figs. 4 and 5 were determined on the 3L25 clone and correspond to the complete insert of the p43L3 clone. PCR amplification of HHV-7 DNA sequences, using primers HV10 and HVii (Table 2) , was done by using the same protocol as described for primer pair HV7/HV8, with annealing at 55°C instead of 60°C.
Comparison and alignment of DNA and protein sequences were done by using the CLUSTAL and PALIGN programs in the PC/GENE software (IntelliGenetics). CEM, CEM(SS), MOLT-3, MOLT-4, MOLT-4/8, HSB-2, HSB-8, Jurkat, VDSO, H9, H.11.8, GB, Alex, Ramos, Raji, B-jab, SB, U937, HL-60, HeLa, A-204, HFS, and Vero. Only SUP-T1, an immature T-cell line derived from a childhood T-cell non-Hodgkin's lymphoma (23), has to date been shown to support an infection with HHV-7, as demonstrated by immunofluorescence with patient's serum and EM. However, not all our efforts to productively infect SUP-T1 with HHV-7(JI) have been successful. Infection of SUP-T1 with HHV-7(JI) resulted in the appearance of large cells, some of which adhere to the bottom of the culture flask. The proportion of infected cells, as determined by immunofluorescence with patient's serum, ranged between a few percent to 80% but was generally <20%. In some SUP-T1 cultures, there was a persistence of infection with HHV-7(JI) for at least 2 mo (Fig. 2) , before overgrowth of infected cells by uninfected cells.
Immunological Relatedness of HHV-7(JI) to HHV-6. Infected CBMC and SUP-T1 cells only showed positive immunofluorescence with mAbs 9A5D12, 12B3G4, and C-5 ( Fig.  2) , which recognize early-late antigens of HHV-6 (10, 24). Occasionally, the mAb 9A5D12 immunofluorescence signal in infected CBMC was negative, whereas it was strong in HHV-7(JI)-infected SUP-T1 cells.
Seroepidemiology .6- titers for patients vs. controls were 87.1 ± 3.9 vs. 38.9 ± 5.5 (P = 0.078, two-tailed t test).
Southern Blot Analysis. Although all HHV-6 probes hybridized to DNA of all HHV-6 strains tested so far, only three of them (ZVB70, ZVB10, and pH6Z-101) hybridized to HHV-7 DNA (Table 1, Fig. 3 ). Because the ZVB70 probe contains the GGGTTA tandem repeat also present in Marek's disease herpesvirus (19), we examined whether that sequence is also present in HHV-7. Hybridization with the HV1 oligonucleotide probe (Table 2) showed that this was so and that the ZVB70 hybridization bands coincided with the (GGGTTA)" ones. The HHV-6 probes used in this study scan 100.0 kilobases (kb)-i.e., =58.8% of the HHV-6 genome DA/H and DA/M, HSB-2 and MOLT-3 cells, respectively, infected with HHV-6 strain DA; SUP-T1 and CBL, uninfected SUP-T1 cells and CBMC, respectively; and JI, HHV-7 strain JI propagated in SUP-T1. HindIII-digested DNA was electrophoresed in an 0.8% agarose gel and transferred to a nylon membrane by Southern blotting. Prehybridization of nylon filters for at least 2 hr at 3rC in Hybrisol I solution (Oncor, Gaithersburg, MD) was followed by addition ofthe DNA probe at 106 cpm/ml that was 32P-labeled by nick translation. Hybridization was overnight at 37C. Filters were washed with 6x standard saline/citrate (SSC)/0.5% SDS twice for 15 min at 60TC and autoradiographed. Afterward the filters were washed with increased stringency, generally ending with 0.1x SSC/0.5% SDS. Washing conditions were as follows: probes ZVH14 (A and B), p43L3 (G), and pH6Z-101 (H), 6x SSC/0.5% SDS at 60TC; probes ZVB70 (C and D) and ZVB10 (E and F), 0.1x SSC/0.5% SDS at 60TC. Exposure time was as follows: A, C, and E, 4 hr; B and F, 3 days; D and G, 2 days; and H, overnight. (18) . The ZVB16 sequence (L. Rosenthal, personal communication) and 2 kb of the ZVB70 clone are represented twice in the HHV-6 genome, in the terminal direct repeats (25) , and were counted twice. Ofthe 58.8% ofthe HHV-6 genome thus scanned, at most 37.4% showed a strong homology to HHV-7.
PCR Amplification, Cloning, and Sequencing of HHV-7 DNA. Because the hybridization studies showed that HHV-7(JI) was related to HHV-6, we tried to amplify DNA from HHV-7(JI), using primers designed after comparing sequences from HHV-6(GS) and HCMV. In a study of the ZVB70 clone (unpublished results), we encountered a homology between the putative HCMV UL31 protein (26, 27) and a putative HHV-6 protein, including two short, separate stretches with an amino acid identity (Fig. 4) . Based on the hypothesis that this identity would also be conserved in HHV-7 DNA, we synthesized degenerate oligonucleotide primers covering the two regions of amino acid identity (Fig.  4, Table 2 ) and amplified, cloned, and sequenced an HHV-7 DNA fragment (Fig. 5) . Sequence alignment showed a nucleotide homology of 57.5% between HHV-7 and HHV-6, of 36% between HHV-7 and HCMV, and of 39.8% between HHV-6 and HCMV (Fig. 5) HHV-6 and HCMV, printed in boldface type, served to design the degenerate primers used to amplify and clone the HHV-7 sequence (see Table 2 ).
between HHV-7 and HHV-6, of 25.8% and 17.7% between HHV-7 and HCMV, and of 27.4% and 19.4% between HHV-6 and HCMV (Fig. 4 ).
Molecular Diagnostic Reagents Specific for HHV-7. The p43L3 plasmid probe, containing the amplified HHV-7 DNA fragment without the region covered by the degenerate primers, only hybridized to HHV-7 DNA (Fig. 3G, arrow) and not to any other human herpesvirus DNA tested (herpes simplex virus 1, Epstein-Barr virus, varicella-zoster virus, HCMV), including the 12 HHV-6 strains mentioned in this study. Based on the HHV-7 sequence, oligonucleotide primers and probes were synthesized (Table 2) The HHV-7 sequence does not include the region covered by degenerate primers. Origin of sequences is the same as indicated in Fig. 4 . The HHV-7 sequences above and in Fig. 4 DNA was amplified, and DNA from the other human herpesviruses tested was not amplified (Fig. 6 ). Initially DNA from two HHV-6(SF) cultures was amplified with the HHV-7-specific primers. The first of those two cultures was propagated in adult PBMC, the supernatant from which passed the virus to a CBMC culture. However, when we infected other CBMC with another HHV-6(SF) virus stock and used the supernatant of that infected culture to infect a second CBMC culture, no HHV-7-specific DNA could be amplified from either culture (Fig. 6 , SF lanes), strongly suggesting that the HHV-7-specific amplification in the other cultures was due to HHV-7 in the adult PBMC that were used for propagation of HHV-6(SF).
DISCUSSION
HHV-6 and HHV-7, two recently discovered viruses, are T-lymphotropic human herpesviruses. The initial HHV-7(RK) isolate was cultured from activated CD4+ T lymphocytes of a healthy adult (7) . In this report, we show that CBMC infected in vitro were >90%o positive for the pan-T markers CD2, CD3, and CD7. Infected cells were primarily, but not exclusively, CD4+; some infected CD8+ cells were also seen. This result is reminiscent of the situation with HHV-6, which can infect CD4+, as well as CD8+, cells (28) . In addition, the only cell line that we have been able to infect with HHV-7(JI) is the immature T-cell line SUP-T1. Although HHV-7(JI) was isolated from a patient with CFS, no statistically significant difference emerged between the IgG titers of CFS patients and healthy controls. At present, there is no clear association of elevated HHV-7 IgG levels and CFS. This result does not exclude the association of HHV-7 and some cases of CFS, but serial serum sample analysis would be required to demonstrate this association. Most healthy adults have IgG antibodies against HHV-7 in their serum, demonstrating prior infection; this result is consistent with another recent report showing seropositivity in >90% of healthy adults (28) . The association of HHV-7 with disease remains to be determined.
Molecularly, immunologically, and biologically, HHV-7 is related to HHV-6; yet the two viruses differ. Although all HHV-6 probes used hybridized to DNA of all HHV-6 strains is divergent enough from HHV-6 to be considered another herpesvirus rather than a "subtype" of HHV-6. This conclusion is further strengthened by the sequence of a 186-bp stretch of HHV-7 DNA, which was only 57.5% identical with HHV-6 DNA. This difference between HHV-7 and HHV-6 DNAs allowed us to develop specific molecular reagents for the diagnosis of HHV-7, both at the level of Southern blot analysis and PCR amplification. It is possible that other regions of the HHV-7 genome have a higher level of homology with HHV-6, which could account for the recognition of certain HHV-7 epitopes by mAbs raised against HHV-6 (ref. 29 and this study). One caveat for the molecular diagnosis of HHV-7 is the potential presence of both HHV-6 and HHV-7, especially when one of these viruses is propagated in adult PBMC. This combination is probably due to the reactivation of latent HHV-6 or HHV-7 in cultured adult PBMC (7) . Therefore, it is advisable to avoid propagating HHV-6 or HHV-7 in adult PBMC.
Although both HHV-6 and HHV-7 are T-lymphotropic viruses, sequence data show that these viruses do not belong to the y-herpesvirus group that includes Epstein-Barr virus (30) . Instead, the clear sequence homology with HCMV (refs. 17, 20, 21 , and this study) strongly supports the classification of HHV-6 and HHV-7 as members of the ,B-herpesviruses.
